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^ Textile fabric with opposed absorbent and non-absorbent layers and method of fabricating same. 



(sy An integrally fabricated textile fabric has a relatively thick, dense liquid retaining absorbent pile layer of 
hydrcphilic yarns and a non-absorbent napped layer of hydrophobic yarns at opposite faces of the fabric 
integrated with an intermediate ground yarn structure. The naoped hydrophobic yarn aver serves to wick liquid 
to the absorbent hydrcphilic yarn layer while resisting return flow leaKage. The fabric is preferably fabricated cn 
a warp Knitting machine wherein a set of nydroohilic yarns are warp Knitted by the bottom machine guide oar m 
overfed needle loops at the technical face of the fabric, a set of hydrophobic yarns are warp knitted on the top 
machine guide bar :n needle icods and extended nappable undertaps at the technical back of the fabric, and two 
sets of ground yarns are warp knitted by a respective pair of middle guide bars intermediate the fabric faces. 
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TEXTILE FABRIC WITH OPPOSED ABSORBENT AND NON-ABSORBENT LAYERS AND METHOD OF 

FABRICATING SAME 



Background of the Invention 



The present invention relates generally to textile fabrics and methods of producing such fabrics. More 
particularly, the present invention relates to an integrally faoncated textile ; abric characterized basically by a 
5 iiauid permease non-abscrbent layer at one fabric face ano a liquid retaining absorbent fabric at the 
opoosite fabric face and to a method of warp knitting such a fabric. 

In the fabrication of various products ranging from athletic wear and other similar apparel items such as 
active wear and sportswear to sucn diverse items as diapers, incontinence garments, bed pads, chair pads 
and various other articles, it is desirable that the article have a nigh affinity for liquid absorption without 
• o producing an uncomfortably wet feel at the exposed liquid-receiving surface of the article. Traditional 
athletic garments ana other active wear may be provided with a fleece or pile surface facing the wearer's 
ocoy ano oe fabricated of cotton for mis purpose. Conventional diapers, incontinence garments and pads, 
and like articles provide one or more relatively thick ! ayers of a highly absoroent material, e.9., non-woven 
cotton batting, with a non-absoroent yet liquid-oermeable barrier covering the 'iquid-receiving surface of the 
■ 5 absorbent material. One common type of oarrier is a surface-crushed ooiyester textile fabric. The layer or 
layers of batting or other aosoroent material and the barrier are separately fabricated and subsequently 
attached together n a separate stitching or similar procedure. A liquid impervious backing is typically 
attached to cover the surface of the absorbent material opposite the barrier to prevent leakage of absorbed 
liquid. 

20 Liquid absorbing articles of the aforementioned type generally perform acceptably for their intended 
purpose, but nevertheless suffer certain disadvantages. Athletic garments and active wear generally have 
relatively good absorbent qualities but nevertheless produce a wet feet when any significant amount of 
liquid is absorbed. With diapers and incontinence garments and pads, as mentioned, a relatively thick layer 
of the absorbent material must generally be utilized to provide an acceptable capacity for liquid absorption. 

25 Further, the necessity of attaching a separately fabricated barrier to the absorbent material increases the 
overall expense of fabrication of such articles. 

Summary of the Invention 



30 It is accordingly an object of the cresent invention to provide an integrally fabricated textile fabric 
having a liquid permeable non-absorbent layer at one face of the fabric ana a liquid retaining absorbent 
layer at the ooposite face of the fabric by which liquid applied to the non-acscrbent 'aver is wicked to and 
retained by the aoscrbent layer so that the non-absorbent layer is maintained essentially dry to the touch, 
whereby various embodiments of the fabric are suitable for a wide variety of end uses. It is a further object 

35 of the present invention to provide a method by which a warp knitted embodiment of such textile fabric may 
be produced. 

Briefly summarized, the fabric of the present invention basically includes hydrcohobic yarn formed in a 
napped construction predominantly at the one face of the fabric to form its ncn-absorbent layer, hydrophilic 
yarn formed in a relatively dense extended pile construction predominantly at the opposite fabnc face to 

40 form its absorbent layer, and ground yarn formed in a dimensionally stable construction predominantly 
between the opposed faces of the fabric. Each of the hydroDhilic, hydrophobic and ground yarns are 
mtermeshed with at least one of the other for integrating the absorbent and non-absorbent layers. The 
napped pile of the hydrophobic yarn substantially reduces the size of interstices in the non-absorbent layer 
for resisting leakage of absorbed liquid from the absorbent layer through the non-absorbent iayer. 

45 In preferred embodiments of the present textile f abric, a SDun yarn of stade natural fibers, e.g.. cotton, 
;S utilized as the hydrcohilic yarn. Optimal absorbency is acnieved by utilizing a spun yarn consisting 
entirely of cotton fibers. The hydrophobic yarn is preferably a multifilament synthetic yarn, e.g., polyester. 
The ground yarn may be a multifilament synthetic yarn, a spun yarn of synthetic 'ibers. a spun yarn of a 
olend of synthetic ana natural fibers, or a scun yarn of entirely natural fibers. 

so P r eferably, the nydroohilic yarn is of a relatively low yarn count as measured according to the cotton 
count system, i.e.. of a relatively high denier, .vhich snould be substantially mgner man the denier of the 
hydrophobic ana ground yarns, oreferabiy more than twice the denier of the Hydrophobic yarn. In preferred 
embodiments of the oresent fabric, the yarn count of the hydrophilic yarn is less than approximately ten. 
Thus, the hydrcpntnc yarn snouid constitute in excess of at 'east approximately forty percent by weight 
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of the raDnc. 'r, certain ^mbcciments cf :he oresent : acr:c. the hydrocrnic yarn constitutes greater than 
s crry-five cercent cv .veignt cf ;he 'acne ana n ctner emoooiments exceeas ; ifty percent by weight of the 
: abnc. The hycrocrooic /am. :n the ether ^anc. should constitute no greater than approximately forty 
percent of the 'acne weight. The ground yarn snouid constitute no greater than aoproximately thirty percent 

5 of the fabric weignt ana, .n certain embodiments, constitutes less than ten percent of the fabric weight- 
One preferred construction of the oresent faDnc is by warp knitting the nydrophilic, hydrophobic and 
ground yarns :n an at least three-bar, but preferably four-bar. construction. A set of hydrophilic yarns are 
warn knitted in overfed needle oops at the technical face of the f abnc for *ormmg the absorbent layer. A set 
of hydroohcbic yarns are warp knitted in extended naopaofe underiaos at the technical back of the fabric for 

•o forming the ncn-absorbent layer. A first set of ground yarns are warp knitted n a chain stitch pattern and a 
second set of grcund yarns are warp knitted in a iay-tn pattern intermediate the technical face and back of 
the fabric for restricting its waiewtse and weftwtse stretching. 

The neeoie loeps of the hydrophilic yarns are preferably formed in alternate wales and alternate 
courses cf the faoric. with the hydrophilic yarns being anchored intermediate successive needle loops at a 

-5 weftwise spacing therefrom tor increasing the ouantity of the hydrophilic yarns in the absorbent fabric layer, 
Each hycrcohobic yarn is waro Knitted intermediate each underfap in needle loops formed alternately in the 
alternate wales and :n intermediate wales therebetween. The cnain stitcnes of the first ground yarns are 
formed m the intermediate wales while the second grcund yarns are ! aid in weftwise between spaced ones 
of the intermediate waies. in one oreferred construction of the ; abric. the hyoroDhilic yarns are knitted in a 

20 5-4, 7-7, 4-5. 2-2 stitch partem, the hydropnooic yarns are knitted in a 1-0, 3-4 stitch pattern, the first 
ground yarns are Knitted in a O-l. 1-0 stitch pattern, and the second ground yarns are knitted in a 5-5, 0-0 
iay-m pattern. 

The method cf the oresent invention oy which the above-described warp knitted fabric is produced is 
carried out on a ware knitting machine having at least top, middle and bottom yarn guide bars and a needle 

zs bar which suoports a ongitudinaily extending series of needles. A set of hydrophilic yarns is warp knitted 
on the bottom guide bar in overfed needle icods on selected needles of the needle bar forming an 
absorbent iayer of the hydrophilic yarn needle ioops in a relatively dense pile construction at the technical 
face of the faoric. Simultaneously, a set of hydrophobic yarns are warp knitted on the top guide bar in 
neeoie ioops alternately on the selected needles ano on intermediate needles therebetween and in 

jo elongated nappabfe jncertaps extenoirg between the hydropnooic yarn needle loops forming a non- 
absorbent : ayer of the hydrophobic yarns at the technical back of the fabric. A set of ground yarns are also 
simultaneously warD knitted on the middle guide oar in needle ioops on the intermediate needles forming a 
iayer of the ground yarn essentially intermediate the absorbent pile iayer of the hydrophilic yarn and the 
non-acsorbent layer of the hydrophobic yarn. After formation of the -abric n this manner, the underlaps of 

J5 the hycrochocic yarn at the tecnnicai cack of the fabric are naoped sufficiently to substantially reduce the 
size of interstices m the non-absoroent iayer of the hydropnooic yarns for resisting leakage of aosorbec 
liquid from the aosoroent iayer of the hydropnnic yarns througn the non-absoroent layer of the hydropnooic 
yarns. Preferaoly, the warp knitting machine includes a second middle guide bar by which a second set of 
ground yarns may be iaid in ncn-stitch 'oops extending about spaced ones of the intermediate needles to 

-'£? form the fabric in a fcur-bar construction, the two sets of ground yarns orcvicing dimensional stability to the 
fabric. 

Brief Description of the Drawings 



-J5 Figure 1 is a diagram showing individually the stitch pattern for the hydroohilic, hydrophobic and 
ground yarns carried out by a warp knitting machine in knitting cne preferred embodiment of the present 
fabric accorcing to the method of the oresent invention; and 

Figure 2 is a schematic cross-sectional view of the present fabric. 

so Descriotion cf the Preferred Embodiment 



As explained more fully nerem, the preferred embodiment of the fabric of the present invention is 
croduceo, and the method of the present -nvention is earned out. on a warp knitting machine which may be 
of any conventional type of an at least three-bar :onstruction having three or more yarn guide bars and a 
55 needle bar. e.g.. a conventional tricot warp knitting machine. A four-car -varo knitting machine adapted for 
producing dual-faced terry tcweiing is preferred. One sucn machine is manufactured and sold by Karl 
Mayer TextiimascrirenfaDrik GmoH. of Obertsnausen. West Germany, as its Model KS4-FBZ. Another 
suitable warp knitting machine -s manufactured oy Textima cf Kart-Marx-Stact. East Germany, under the 
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mcdol resignation Lraoci. Tr e construction ana operation or sucn machines are .veil Known ,n the warp 
<n:tting art and need net r.erein be specifically described and iilustratea. While ^he fabric cf the present 
.nvention is r.eretn .tlustratea ana describee n its preferred emoodiment as a waro knitted fabric, those 
persons skilled m the textile f abnc-prcduc:ng arts will recognize that equivalent 'acnes may oe produced as 
5 weil by weaving or circular r.veft) knitting. The descncticn and illustration herein cf the creferrea warp 
knitted emccciment cf the oresent fabric is orovidec merely fcr illustrative purposes to provide to those 
persons skilled in the art an enabling disclosure of the presently contemplated best mode of producing the 
fabric of this invention. It is accordingly to be understood that the present invention is not to be limited to 
the particular embodiments nerein described and illustrated. 
*o ^ In the following description, the yarn guide bars of the warp knitting machine are identified as "top," 
"middle" ana "bottom" guide bars for reference purposes only and not by way of limitation. As those 
persons skilled in the art will understand, such terms equally identify knitting machines whose guide bars 
may be referred to as "front.'* "midaie" ana "back" guide bars, which machines, of course, are not to be 
excluded from the scope and substance of the present invention. As further used herein, the "bar 
75 construction" of a warp knitting machine refers to the number of yarn guide bars of the machine, while the 
"bar construction" cf a warp knitted fabric refers to the rumoer of different sets of warp yarns included in 
the fabric, all as is conventional terminology in the art. 

Referring now to the accompanying drawings, one particular embodiment of the present textile fabric is 
illustrated as preferably warp knitted of a four-oar construction on a four-bar waro knitting machine 
accoraing to the present method. According to this embodiment of the present fabric, the bottom guide bar 
of the machine is threaded on alternate guide memoers with a set cf hycrcphilic yarns 10 delivered from a 
waro beam (not shown), the top guide bar is similarly threaded on alternate guide members with a set of 
hydroohobic yarns 12 delivered from another warp beam (also not shown), the upper middle guide bar is 
threaded on alternate guide members with a first set of ground yarns 14 supplied from a third warp beam 
(also not shown), and the lower middle guiae bar is threaded on alternate guide members with a second set 
of ground yarns 16 supplied from a fourth warp beam (also not snown). 

It is contemplated that substantially any yarn having an affinity to retain water or another liquid by 
absorption or otherwise may be utilized as the nycrophilic yarn. In view of the widely recognized capacity of 
natural cotton fibers for water ana liquid abscrbency and further in view of the ready commercial availability 
of yarns soun in whole or in part of cotton 'ibers in a variety of yarn counts, cotton-containing spun yarns, 
particularly those consisting entirely of cotton fibers, are considered preferable, although those persons 
skilled in the art will recognize that other natural fiber yarns may ^unction eaually well. 

As ts well kne^n, substantially ail man-mace synthetic yarns are 'acking in any significant affinity for 
water or liquid retention and therefore are contemplated to be suitable for use as the hydrophobic yarn, it is 
of course preferrea that the synthetic yarn selected for use as the hyarcohofcic yarn not oe subjected to 
any finishing operation designed to enhance its liquid retention caDability. Further, the synthetic hydropho- 
bic yarn should have the aoility to be naoped oy a conventional textile napping oceration without destroying 
the structural integrity of the yarn. To provide these properties, it is oreferred that a multifilament polyester 
yarn be utilized as the hydrophobic yarn. 

Substantially any suitable conventional yarn of sufficient strength to provide structural integrity to the 
warp knitted fabric may be utilized as the ground yarns. For example, a spun cotton yarn or a spun yarn of 
cotton and synthetic fibers cr a multifilament synthetic yarn may be utilized as the ground yarns. The same 
or different yarns may be utilized for the two sets of ground yarns. 

To provide optimal liquid retaining caoabilities to the fabric, it is preferred that the hydrophilic yarns 
constitute at least approximately forty percent of the weight of the fabric. As described more fuily herein, 
the hydrophiiic yarn may constitute in excess of forty-five percent of the fabric weight in certain 
embodiments and in excess of fifty percent of the fabric weight in other embodiments. The hydrophobic 
yarns should constitute no greater than approximately forty percent of the fabric weight, with the ground 
yarns suDDlying the balance of the fabric weight but preferably no greater than approximately thirty percent 
thereof. For these purposes, the hydroohiiic yarn shouia be of a relatively low yarn count as measured 
according to the cotton count system (i.e.. of a relatively high denier), which in eacn embodiment should be 
of a substantially higher denier than the hydrophobic ana ground yarns, preferably at least twice the denier 
of the hydrophobic yarns. Spun cotton yarns of a yarn count of :ess than aoproximately ten are preferred. 

In accomoanymg Fig. 1, the stitch constructions of the hydroohiiic, ground and hydrophobic yarns 
10,12,14,16, as carried out by the respective lateral traversing movements of the guide bars of the knitting 
machine according to cne oossible embodiment cf 'he present fabric and method, are illustrated individually 
n a traditional dot or point diagram format, wherein the individual points 15 reoresent the needles of the 
neecle bar of the knitting machine in the 'crmaticn cf several successive 'abric courses C across several 
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successive 'abrtc waies W. As arcrementicrec. the Moaei KS4-F6Z *arp knitting macnme manufactured by 
Kar! Mayer Textiimascrirenfacrik GmcH :s crerer^ec for -se n producing the present *'acnc and performing 
l he cresent methcd. This .varp knitting macnme s eauiooea with a longitudinal needle oar to /vhicn is 
mounted a longitudinally extending series of hcck-type knitting needles, the hooks of alternating ones of the 

5 neecles being of a substantially conventional :onstruc:icn defining an oDen yarn-receiving area within the 
hook whiie the necks of the intervening needles define substantially smaller yarn-receiving areas so that the 
yarn engaging surface m each sucn heck ;s soacea farther from the cuter free end of the hook than in the 
alternating conventional ^eeales. This neeole construction enables larger pile-type >coos to be formed by 
the intervening needles. This needle format s described ano illustrated in U.S. patent No. 4,397,160. In the 

-o lustrations of Fig. 1, the cciumns of points 15 representing the alternating conventional needles are 
indicated at 15A. while the columns of me points 15 representing the intervening needles with fiiled-tn hooks 
are indicated at 1 5B. 

In the illustrated embodiment of the present fabric, the bottom guide bar of the machine manipulates 
the hydroDhilic yarns 10 tc traverse laterally back and *or:h relative to the needle bar of the machine to 

■5 stitcn the hydrophilic yarns 10 on the intervening needles 15B in a repeating 5-4, 7-7, 4-5, 2-2 stitch pattern, 
as indicated at I of Fig. 1. white the hyarophilic yarns 10 are being fed from their respective warp beam in a 
conventional overfeeding ; ashion. Simultaneously, the top guide bar of the machine manipulates the 
hydrophobic yarns 12 as they are fed from their respective warp oeam to traverse relative to the needle bar 
to stitch the hydrophobic yarns 12 in a repeating 1-0, 3-4 stitcn oattern aiternatingiy on the needles 15A and 

20 158, as indicated at IV of Fig. 1. At the same time, the upper middle guide par of the machine manipulates 
the first set of ground yarns 14 as they are fed from their respective warp beam to traverse relative to the 
neeole bar to stitch the ground yarns 14 on the alternating needles 15A in a repeating 0-1, 1-0 chain stitch 
pattern, as indicated at III in Fig. 1. The lower middle guide bar simultaneously manipulates the second set 
of ground yarns 16 as they are fed from their respective -varp beam to traverse relative to the needie bar to 

25 'ay in the ground yarns 16 about spaced ones of the alternating needles 15A in a repeating 5-5, 0-0. non- 
stitch lay-in pattern, as indicated at II of Fig. t. 

As will thus be understood, the hydrophilic yarns 10 are interknitted with the hydrophobic yarns 12 
which, in turn, are interknitted with the ground yams 14, the ground yarns 16 being captured between the 
hydrophilic and ground yarns 10,14, thereoy 'ntegrating the yarns in the fabric. The overfed stitch 

30 construction of the hydrophilic yarns forms the hydrooniiic yarns 10 in needle loops 10n formed in 
alternating courses C1 and in alternating wales W1, each hydrophilic yarn 10 having its needle loops I0n 
formed in the alternating courses C1 and in a common wale W1 with an uncerlap extent 10u extending and 
being anchored between the successive needles loops 10n in the intervening courses C2 at a weftwise 
spacing from the" common waie W1 . thereby increasing the quantity of the hydrophilic yarn 10 in the fabric. 

35 The ground yarns 14 are formed only in the intervening waies W2, each ground yarn 14 being formed in 
one respective wale W2 in needle loocs ;4n aligned walewise with one another in every course C. The 
hydrophobic yarns 12 are formed in neeole ocos I2n formed in every alternate wale W1 in every alternate 
course C1 and in every intervening waie W2 in every intervening course C2, each hydroDhobic yarn 12 
having its needle loops i2n alternating every course cetween wales W1.W2 spaced apart by two 

40 intervening waies W1.W2 and in elongated underlaps i2u extending diagonally between the successive 
needle loops 12n in a substantially coursewise direction. In this manner, the needle loops I2n in the 
alternating waies W1 are interknitted in plated relationship with the overfed needle loops lOn of the 
hyarophilic yarn 10 <n such waies and the needle looos I2n in the intervening waies W2 are interknitted 
with the needle loops I4n of the ground yarn 14 in such wales. By the aforementioned lay-in pattern of the 

45 ground yarns 16, the ground yarns 16 are not directly interknitted with the other yarns 10,12,14, but instead 
are captured and retained between the hydrophilic yarns 10 and the ground yarns 14 with each ground yarn 
16 extending substantially weftwise in every course across five wales including three successive ones of the 
intervening waies W2 and the two successive alternate wales W1 therebetween. 

In this fashion, the hydrophilic yarns 10 are structured in a terry pile construction predominantly at the 

50 technical face of the fabric whereat the needle iooos lOn of the hydrophilic yarns 10 extend generally 
outwardly of the fabric surface, thereby forming a relatively thick and relatively dense absoroent outer layer 
A at the tecnnicai face of the fabric, as indicated =n F ; g. 2. The hydrophobic yarns 12 are formed 
predominantly at the technical back of the fabric whereat the extended underlaps 12u of the hydrophobic 
yarns 12 provide a nappable surface, thereby forming an outer non-absorbent layer N of the fabric at its 

55 opposite face from the absorbent layer A of nydrochobic yarns 10. The ground yarns 14.16 form a base or 
sucstrate G to the fabric predominantly between the acsorbent hydrophilic yarn layer A and the non- 
acsoroent hydrophobic yarn aver N for .ntegrating the aoscroent and ncn-absoroent layers and providing 
dimensional stability tc the fabric, the waiewtse chain stitch construction of the ground yarns 14 restricting 
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'aid-in construction of the ground yarns 16 
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the .vaiewise stretchaciiity jf t'abnc ,vn!e *he coursewise 
similarly restricting the ccursewise stretchaciiity or the fabric. 

Following the knitting of the present .varp Knitted fabric acccraing tc the present method as described 
the unaenaos 12u at the cuter surface or the hyaropnobic yarn layer are subjected to a brushing sanaing 
naocing or similar coeration, herein orcaoly referred tc as "naoping," tc croauce a raised velvet-like piush 
surrace effect at the tecnnicai back of the fabric, thereby increasing the thickness of the hydrophobic yarn 
layer and substantially closing or at least reducing in size the interstices termed by the stitch construction 
or the hydrophobic yarns 12. Fg. 2 schematically illustrates in cross-section the layered construction of the 
tabnc as described. 

In use, the fabric of the present invention as described provides a umaue ana advantageous combina- 
tion of orcperties ;n that the layer of the hycrcphilic yarns 10 offers a relatively hign capacity for liquid 
aosorption while the non-absorbent layer of the Hydrophobic yarns 12 maintains its outer surface substan- 
tially dry to the touch. Specifically, the raised nap of the undenaps 12u of the nyarophobic yarns 12 serve 
to direct dauid coming n contact with rhe non-absorbent nydroohobic fabric ayer N by a wicking action 
through such !ayer ana through the ground layer G to the absoroent hydroonific yarn layer A for absorption 
wnne, at the same time, the relatively smaii interstices between the nappea laments of the hydrophooic 
yarns 12 sen/e to resist 'eakage or other return flow of any aosorbed liquid 'rem the absorbent hydrophilic 
yarn layer A througn the ncn-acsorbent hydroonobic yarn layer N. As a result, the piush naoped 
hyaropnobic yarn layer N remains essentially dry to the tcuch and comfortable even after the absorbent 
hydrophilic yarn layer A nas absoroed and retains a relatively high Hauid content At the same time, the 
fabric is of a relatively smail thickness in relation to its capacity for liquid absorbency, particularly as 
compared to conventional multi-layer absorbent battings of the like aforeaescribed. As such, the fabric of 
the present invention ,s oarticularly acapted for use in such textile products as diapers, incontinence 
garments, bea and chair pads, ana the ;ike wherein a relatively high capacity for liquid absorbency is 
desired without the liquid-receiving surface acquiring a correspondingly wetted feel. Similarly, it is con- 
templated that other emboaiments of the present fabric would be highly suited for various apparei items, 
such as athletic garments, active wear and sportswear. 

As those persons skilled in the art will recognize from the foregoing disclosure, the desirable properties 
of the fabric of the present invention, such as the overall weight of the fabric per unit area (square yaro) the 
percentage content by weight of the hydrophilic, hydropnobic and grouna yarns, and the attendant caoacity 
of the fabric for moisture absorbency, may be selectively modified ana varied, as desired, by selection of 
the particular types ana sizes of the constituent yarns, thereby to achieve differing embodiments of the 
'abnc suited to differing end uses. By way of example and without limitation, the following are reoresenta- 
tive examples of fabrics according to the oresent invention. In each fabric, the resDective stitch patterns of 
the hycrcphilic, nyarcchobic anc grouna yarns are as above-described. 
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Example II 



Denier Yarn Ends 
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Example III 

Denier 
(Cotton Count) 

886/1 (6/1) 
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Example IV 

Denier Yarn Ends 
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Example V 

Denier Yarn Ends 

(Cotton Count) /Guide % Weight 



886/1 (6/1) 
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168/68 



53.15 



5.02 



4.71 



37.13 



25 



30 



Bar 

Bottom 
(I) 



Yarn 

100% 
Spun 
Cotton 



Example VT 

Denier Yarn Ends 

(Cotton Count) /Guide % Weight 



886/1 (6/1) 



45.26 



35 



■iQ 



Lower . 
Middle 
(II) 

Upper 

Middle 

(III) 

Top 

(IV) 



Spun 50% 332/1 ( 16/1) 

Polyester/ 

50% Cotton 

Multi 70/34 

Filament 

Polyester 



J5 



Multi 
Filament 
Texturized 
Polyester 



168/68 



19 .75 



4.06 



30.93 



55 
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Example VII 



Bar 

Bottom 
(I) 



Denier Yarn Ends 

Yarn (Cotton Count) /Guide % Weight 



Spun 50% 759/1 (7/1) 

Polyester/ 

50% Cotton 



50.66 



Lower 
Middle 

(II) 

Upper 

Middle 

(HI) 

Top 
(IV) 



Multi 

Filament 

Polyester 



70/34 



Multi 70/34 

Filament 

Polyester 



Multi 
Filament 
Texturized 
Polyester 



168/68 



5.68 



4.74 



38 .92 



Example VIII 



Bar 

Bottom 

(I) 



Lower 

Middle 

(II) 

Upper 

Middle 

(III) 

Top 
(IV) 



Denier Yarn Ends 

Yarn (Cotton Count) /Guide % Weight 



100% 886/1 (6/1) 

Polyester 

"Great 

Feelings "* 



Multi 

Filament 

Polyester 

Multi 

Filament 

Polyester 

Multi 
Filament 
Texturized 
Polyester 



70/34 



70/34 



168/68 



53.87 



5.00 



4.32 



36.81 



Trademark of E. I. DuPont de Nemours and Co., 
Wilmington, Delaware, for multi filament polyester 
yarn consisting of 50%-50% blend of 1.2 denier 
filaments and 2.0 denier filaments, for improved 
liquid retaining capacity. 
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Example IX 



Bar 

Bottom 

(I) 



Lower 

Middle 

(II) 

Upper 

Middle 

(III) 

Top 
(IV) 



Denier Yarn Ends 

I§rn (Cotton Count ) /Guide % Weight 



100% 386/1 (6/1; 

Polyester 
" Great 
Feelings " * 



Multi 

Filament 

Polyester 



70/34 



Multi 70/34 

Filament 

Polyester 



Multi 
Filament 
Texturized 
Polyester 



168/68 



1 



54 . 14 



5.02 



4 . 11 



36,73 



Example X 



Bar 

Bottom 
(I) 



Lower 

Middle 

(II) 

Upper 

Middle 

(III) 

Top 

(IV) 



Denier Yarn Ends 

Yarn (Cotton Count) /Guide 

100% 886/1 (6/1) l 

Polyester 

"Great 

Feelings M * 



Multi 

Filament 

Polyester 

Multi 

Filament 

Polyester 

Multi 
Filament 
Texturized 
Polyester 



70/34 



70/34 



168/68 



% Weight 
53. 15 



5,02 



4.71 



37. 13 



1 1 
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Example XI 



Bar 

Bottom 
(I) 



Lower 

Middle 

(II) 

Upper 

.Middle 

(III) 

Top 

(IV) 



Denier 
Yarn (Cotton Count 1 

Spun 50% 759/1 (7/1) 

Polyester/ 

50% Cotton 

Multi 70/34 

Filament 

Polyester 

Multi 70/34 

Filament 

Polyester 



Multi 
Filament 
Texturized 
Polyester 



168/68 



Yarn Ends 
/Guide % Weight 

1 51.13 



5.67 



4.53 



38.68 



Example XII 



Bar 

Bottom 
(I) 



Denier Yarn Ends 

Yarn (Cotton County /Guide % Weight 



Spun 50% 759/1 (7/1) 

Polyester/ 

50% Cotton 



50.47 



Lower 

Middle 

(II) 

Upper 
Middle 

(III) 

Top 
(IV) 



Multi 

Filament 

Polyester 

Multi 

Filament 

Polyester 

Multi 
Filament 
Texturized 
Polyester 



70/34 



70/34 



168/68 



5.53 



5.22 



38.78 
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Example XIII 



Bar 

Bottom 
(I) 



Denier 
Yarn (Cotton Count 1 

Spun 50% 759/1 (7/1) 

Polyester/ 

50% Cotton 



Yarn Ends 
/Guide % Weight 

1 41.32 



20 



Lower 

Middle 

(II) 

Upper 

Middle 

(III) 

Top 
(IV) 



Spun 50% 332/1 ( 16/1) 

Polyester/ 

50% Cotton 



Multi 
Filament 
Polyester 

Multi 
Filament 
Texturized 
Polyester 



70/34 



168/68 



21.17 



4.32 



33.19 



Example XIV 



30 



Bar 

Bottom 
(I) 



Denier Yarn Ends 

Yarn (Cotton Count) /Guide % Weight 



Spun 50% 759/1 (7/1) 

Polyester/ 

50% Cotton 



40.15 



Lower Spun 50% 332/1 (16/1) 

Middle Polyester/ 
(II) 50% Cotton 



23.95 



45 



Upper 

Middle 

(III) 

Top 
(IV) 



Multi 

Filament 

Polyester 



70/34 



Multi 168/68 
Filament 
Texturized 
Polyester 



4.38 



31.52 



It will also be recognized by those persons skilled in the art that the particular stitch patterns in which 
50 the hydrophilic, hydropnooic and grouna yarns are Knitted may also be varied provided that the ground 
yarns are knitted or formed about needles other than the neeoles which form the overfed pile needle 'oops 
of the hydrophiiic yarns and provided that the stitch construction of the hydrophobic yarn provides for 
knitting of needle loops on both sets of needles to achieve proper integration of the respective yarns in the 
fabric. Likewise, it is contemplated that embodiments of the present fabric may be of a three-bar rather than 
55 f our-bar construction requiring only three sets of yarns, namely a set of hydrophilic yarns, a set of 
hydropnobic yarns, and amy one set of ground yarns. For example, the fabric of Fig. 1 could be 
constructed without the grounc yarns 16 ana with the ground yarns 14 knitted ;n a non-chain sti ten 
construction, such as 1-0. 2-3. 
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It wiil therefore oe reacily jncerstccd by these persons SKiiied .n the art that the oresent invention is 
susceptible or a oroaa utility ana application. Many emDOdiments ana acaDtations of the present invention 
other than those herein desencea. as .veil as mary variations, modifications ana ecuivaient arrangements 
-viil be apparent frcm cr 'eascnaoiy suggested by the oresent invention and the foregoing description 

5 thereof, without departing frcm the sucstance cr scope of the present invention. Accordingly, while the 
present invention has seen described herein in detail in relation to its oreferrea emoodiment, it is to be 
understood that this disclosure is oniy illustrative and exemplary of the present invention and is made 
mereiy for purposes of proviaing a full and enabling disclosure of the invention. The f oregoing disclosure is 
not intended or to be construed to limit the oresent invention or otherwise to exclude any such other 

'0 embodiments, adaptations, variations, modifications and eauivaient arrangements, the present invention 
being limited oniy oy the ciaims aopended hereto and the equivalents thereof. 

Claims 

75 

1. An integrally fabricated textile faonc characterized by a licuid permeable non-absorbent layer at one 
face of said fabric ana a liquid retaining absorbent layer at the opposite face of said fabric for wicking 
of liquid from said non-aoscrbent layer to, ana retention of wicked iiauid by, said absorbent layer while 
maintaining said non-absorbent layer essentially dry to touch, said faDric comorising hydrophobic yarn 

20 formed m a napped construction predominantly at said one face of said facric to form said non- 
absoroent layer, hydrophilic yarn formed in a relatively dense extended pile construction predominantly 
at said opposite face of said fabric to f orm said absorbent layer, and ground yarn formed in a 
dimensionally stable construction predominantly between said faces of said fabric, each of said 
hydrophobic, hydrophilic and ground yarns oeing intermeshed with at least one of the other for 

25 integrating said absorbent and non-absorbent layers, said hydrophobic yarn being napped to substan- 
tially reduce the size of ; nterstices in said non-absorbent layer for resisting leakage of absorbed liquid 
from said absoroent layer through said non-aosorbent layer. 

2. The textile fabric according to claim 1 and characterized further in that said hydrophilic yarn is a spun 
30 yarn of staple natural fibers. 

3. The textile fabric according to claim 2 and characterized further In that said natural fibers are cotton. 

4. The textile fabric accorcing to claim 3 and characterized further in that said spun yarn consists entirely 
35 of cotton fibers. 

5. The textile fabric according to claim 1 and characterized further m that said hydrophobic yarn 
comprises a multifilament synthetic yarn. 

40 6. The textile fabric according to claim 5 and characterized further in that said ^laments of said synthetic 
yarn are polyester. 

7. The textile fabric according to claim 1 and cnaracterized further in that said ground yarn comprises at 
least one of synthetic fibers and filaments and natural fibers. 

45 

8. The textile fabric accorcing to claim 1 and characterized further in that said hydrophilic yarn is of a 
relatively low yarn count according to the cotton count system. 

9. The textile fabric acccrding to claim 8 and characterized 'urther in that said hydrophilic yarn is of a 
so yarn count of less than aporoximateiy 10. 

10. The textile 'abric according to c:aim 3 and characterized further <n that said nydrcphilic yarn is of a 
substantially higher aemer than said hydrophobic and ground yarns. 

55 11. The textile fabric according to claim 10 and cnaracterized f urther In that said hydrophiitc yarn is of a 
denier m excess of at east approximately twice the denier of said hycrcchobic yarn. 

12. The textile 'abric according to claim 8 and characterized further m that said hydrophilic yarn comprises 
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n excess cf at least acproximatety 40 percent by weight of said facric. 

13. The textile 'aonc according to c:atm 12 ana characterized 'urrher >r that said hydrophilic yarn 
comprises :n excess of aocroxi innately 45 percent by weight cf said facric. 

14. The textile facric according to claim 13 and cnaracterizea further : n that said hydrophilic yarn 
comprises m excess of approximately 50 percent by weight cf said fabric. 

15. The textile fabric according to claim 12 ana characterized further in that said hydrophobic yam 
•o comprises no greater than aporoximatety 40 percent by weight of said fabric. 

16. The textile fabric according to claim 15 and characterized ; urther in that said ground yarn comprises no 
greater than approximately 30 percent by weight of said fabric. 

*s 17. The textile fabric according to ciaim 1 and characterized further in that said fabric is warp knitted of an 
at ieast three-oar construction. 

18. The textile fabric according to claim 17 and characterized further in that said hydroohiiic yarn 
comcnses a set of yarns warp Knitted in overfed needle ! oops at the technical face of said fabric for 

20 forming said absoroent ; ayer. 

19. The textile faoric according to claim 13 and characterized 'urther in that said hydrophilic yarns are 
anchored intermediate successive needle ioops at a weftwise spacing therefrom for increased quantity 
of said hydrcpnilic yarns in said absorbent 'ayer of said fabric. 

25 

20. The textile fabric according to claim 18 and characterized further in that said hydrophobic yarn 
comprises a set of yarns warp knitted in extended nappable unceriaps at the technical back of said 
fabric for forming said non-absorbent 'ayer. 

3G 21. The textile fabric according to ciaim 20 and characterized further in that said f abric is of a four-bar 
construction, said ground yarn including a first set of yarns warp knitted in a chain stitch pattern and a 
second set of yarns warp Knitted in a lay-m pattern for restricting walewise and weftwise stretching of 
said faoric. 

J5 22. The textile fabric according to ciatm 21 and characterized further in that said needle loops of said 
nydroDniiic yarns are formed in alternate wales anc alternate courses of said fabric, each said 
hydrophobic yarn is warD knitted intermediate each said unoerlaD in neecie loops formed alternately in 
said alternate wales and in intermediate waies therebetween, and said first ground yarns are formed in 
said intermediate waies. 

23. The textile fabric according to ctaim 21 and characterized further in that said hydrophilic yarns are warp 
knitted in a 5-4, 7-7, 4-5, 2-2 stitch pattern, said hydroonobic yarns are ware knitted in a 1-0, 3-4 stitch 
pattern, said first ground yarns are warp knitted in a 0-1. 1-0 stitch pattern, and said second ground 
yarns are warp knitted m a 5-5, 0-0 lay-in pattern. 

24. A method of orcducmg a warp knitted textile fabric of an at least three-bar construction having a liquid 
permeable non-absorbent layer at the tecnnical back of said fabric and a liauid retaining absorbent 
layer at the technical face of said fabric, said method comprising: 

providing a warp knitting machine having at least top, middle and bottom yarn guide bars and a 
50 needle bar supporting a series cf needles; 

warp Knitting a set of hydrophtiic yarns on said bottom guide bar m overfed needle loops on 
selected needles of said needie bar forming an absorbent layer of said hydrcphiiic yarn needle loops m 
a relatively dense pile construction at the technical face of said fabric; 

simultaneously warp knitting a set cf hyarophooic yarns on said too guide bar in needle loops 
55 alternately on said selected needles and on ; ntermeciate needles therebetween and in elongated 
naopacie under'aps extending between said hydrophobic yarn needle iceps forming a non-absorbent 
layer of said hycrocnocic yarns at the technical back of said fabric: 

simultaneously warp knitting a set of ground yarns on said middle guide bar in needle loops cn 
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said intermediate neecies terming a .aver cf said ground yarn essentially ntermediate said aosorbent 
cue layer cf said hydrcDhiiic yarn and said rcn-aosorbent layer or saia nyoroonobic yarn; and 

napping said ^aocaoie uncerlacs of said hydrophooic yarn sufficiently to sucstantiaily reduce the 
size of interstices in said non-absoroent : ayer of saia nydrcphebic yarns for resisting leakage of 
5 absorbed licuid from said absorbent aver cf said hycroDhiiic yarns through said non-absorbent iayer of 

said hydrophoDic yarns. 

25. A methca cf producing a warn knitted textile raonc according to ciaim 24 and characterized further by 
providing spun yarns of staple natural fibers as said hydrophilic yarns. 

:o 

26. A method of producing a warp knitted textile fabric according to ciaim 25 ano characterized further by 
providing spun yarns of cotton as said hyoropnilic yarns. 

27. A method of producing a warp knitted textile fabric according to claim 26 and characterized further by 
15 providing spun yarns consisting entirely cf cotton fibers as said hydrophilic yarns. 

28. A method of producing a warp knitted textile fabric according tc ciaim 1 and characterized further by 
providing multifilament synthetic yarns as said nydrophooic yarns. 

20 29. A method of producing a warp knitted textile fabric according to ciaim 28 ana characterized further by 
providing multifilament yarns of polyester filaments as said hydrophobic yarns. 

30. A method of producing a warp knitted textile fabric according to claim 1 and characterized further by 
providing yarns comprising at least one of synthetic fibers and filaments and natural fibers as said 

25 ground yarn. 

31. A method of producing a warp knitted textile fabric according to ciaim 1 and characterized further by 
providing yarns having a relatively low yarn count according to :he cctton count system as said 
hydrophilic yarns. 

30 

32. A method of producing a warp knitted textile fabric according to claim 31 and characterized further by 
providing yarns having a yarn count of less than approximately 10 as said hydrophilic yarns. 

33. A method of producing a warp knitted textile fabric according to claim 31 and characterized further by 
25 providing, as said hydrophilic yarns, yarns navmg a substantially nigner denier than said hydrophobic 

and ground yarns. 

34. A method of oroducing a warp knitted textile fabric according to claim 33 and characterized further by 
providing, as said hydrophilic yarns, yarns of a denier in excess of at least approximately twice the 

40 cenier of sajd hydrophobic yarns. 

35. A method of orocucing a warp knitted textile fabric according to ciaim 31 and characterized further by 
providing said hydrophilic yarns m sufficient quantity to comprise in excess of approximately 40 
percent by weight cf said fabric. 

-45 

36. A method cf producing a warp knitted textile fabric according to claim 31 and characterized further by 
providing said hydrophilic yarns in sufficient quantity to comprise m excess of approximately 45 
percent by weight of said fabric. 

so 37. A method cf oroducing a warp knitted textile f abric according to claim 31 and characterized further by 
providing said hydrophilic yarns in sufficient quantity to comprise in excess cf approximately 50 
percent by weight of said fabric. 

38. A method of producing a warp knitted textile fabric according to claim 35 and characterized further by 
55 providing said hydrophobic yarns in appropriate quantity to comprise no greater than approximately 40 

oercent by weight of said fabne. 

39. A method of orcducing a warp knitted textile fabric according to ciaim 38 and characterized further by 
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providing sajd ground yarns n appreciate quantity to comprise no greater than approximately 30 
percent by weignt of said fabric. 

40. A method of orcducmg a warp knitted textile fabric according to claim 24 and cnaracterized further in 
5 that said warD knitting said nycroDhtiic yarns includes anchoring said hydrophilic yarns intermediate 

successive needle iocps at a weftwise spacing therefrom for increased quantity of said hydrophilic 
yarns in said absorbent layer of said fabric. 

41. A method of producing a warp knitted textile fabric according to^ claim 24 and characterized further in 
"0 that said fabric is of a four-bar construction and said providing said warn knitting machine includes 

providing a second middle guide bar, and characterized further by iaymg-m on said second guide bar a 
second set of ground yarns in non-stitch loops extending about said intermediate needles. 

42. A method of oroducing a warp knitted textile fabric according to claim 41 and characterized further by 
>5 warp knitting said hydrophilic yarns in a 5-4. 7-7, 4-5, 2-2 stitch pattern, warp knitting said hydrophobic 

yarns in a 1-0, 3-4 stitch pattern, warp knitting said first-mentioned ground yarns in a 0-1, 1-0 stitch 
pattern, and warp knitting said second ground yarns in a 5-5, 0-0 lay-in oattern. 



55 



EP 0 429 802 A2 



r wi wi io 




PfPPPfP'fPPP 

158 I5A 




15B 15A 



JEuropaisches Patentamt 
European Patent Office 



Office europeen des brevets 



Pucucaticn numoer: 



0 429 802 A3 



EUROPEAN PATENT APPLICATION 



Application numoer: 90119126.2 
Date of filing; 05.10.90 



V) mt. ci. 5 D04B 21/04, A61F 13/15 



£) Pnonty 30.11.89 US 444546 

Date of Dublication of application: 

05.06.91 Bulletin 91/23 

Designated Contracting States: 

AT BE CH OE DK ES FR GB GR IT LI LU NL SE 

Date of deferred Dublication of the searcn report: 

01.07.92 Bulletin 92/27 



Applicant: GUILFORD MILLS, INC. 
P.O. Box U-4 

Greensbor, NC 27402(US) 

'J Inventor Byles, Michael Noel 
806 Chestnut Drive 
High Point NC 27260(US) 



<> > Representative; Wilhelm & Dauster 

Patentanwalte European Patent Attorneys 
Hospitalstrasse 8 
W-7000 Stuttgart 1(DE) 



Textile fabric with opposed absorbent and non-absorbent layers and method of fabricating same. 
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knitted by the bottom machine guide bar m overfed 
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